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[57] ABSTRACT 

A magnetic recording medium having a magnetic film 
formed on a substrate directly or through an underlayer 
from an alloy containing Co as a principal component. 
The central line average surface roughness Ra and max- 
imum surface roughness Rmax of the magnetic film in a 
direction perpendicular to the direction of magnetic 
recording are selected so as to fall within the ranges of 
1 nm^Ra^20 nm and Rmax ^25 Ra, respectively, and 
the in-plane magnetic anisotropy energy Ku of the mag- 
netic film is selected to fall within the range of 
O^Ku^8xl0 5 erg/cm 3 . Thus, it is possible to mini- 
mize the value of modulation which represents the de- 
gree of variation of read output on the same circumfer- 
ence of a magnetic disk. It is also possible to reduce the 
noise generated in read and write operations by forming 
the magnetic film so as have no crystallographic orien- 
tation. 

30 Claims, 5 Drawing Sheets 
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MAGNETIC RECORDING MEDIUM AND 
PROCESS FOR PRODUCING THE SAME 

BACKGROUND OF THE INVENTION 5 

1. Field of the Invention 

The present invention relates to a magnetic recording 
medium for use in, for example, a magnetic disk system. 
More particularly, the present invention pertains to a 
magnetic recording medium which employs a ferro- 10 
magnetic metallic film as a recording layer and which 
has excellent corrosion resistance, a small value of mod- 
ulation that represents the degree of low frequency 
variation of read output, a lowered level of noise gener- 
ated during read and write operations, improved dura- 15 
bility, excellent magnetic properties and high reliability 
and is therefore suitable for high density recording. The 
invention is also concerned with a process for produc- 
ing the abovedescribed magnetic recording medium. 

2. Description of the Prior Art 20 
Conventional magnetic recording media which em- 
ploy as recording layers ferromagnetic metallic films 
formed by means of evaporation, sputtering, ion plating 

or various other deposition methods have excellent 
magnetic properties suitable for high density recording 25 
but, at the same time, suffer from the following disad- 
vantage. Since the magnetic layer is constituted by a 
metallic film, it is readily corroded and the magnetic 
properties are thus degraded with time, which means 
that this type of magnetic recording medium has infe- 30 
rior durability and reliability. In order to overcome this 
disadvantage, a multilayered magnetic recording me- 
dium has been proposed in Japanese Patent Publication 
No. 33523/1979. In this magnetic recording medium, a 
thin film which is formed from a metal such as Cr, Ti, 35 
Mn or V or an oxide thereof is provided as an under- 
layer (intermediate layer) or an overcoat for a ferro- 
magnetic metallic film in order to improve the corro- 
sion resistance. As another solution, a method wherein 
2 to 15% by weight of Cr which is a third element is 40 
added to a magnetic thin film of Co or Co — Ni alloy in 
order to improve the magnetic properties and durability 
is described in Japanese Patent Laid-Open No. 
15406/1982. In these conventional magnetic recording 
media, corrosion resistance is substantially improved, 45 
but the improvement in magnetic properties is still in- 
sufficient. Accordingly, they are required for magnetic 
recording media for high density inferior in terms of 
performance and reliability which are recording. Re- 
cently, a magnetic recording medium which has less 50 
lowering in read and write efficiency, reduced friction 
and no fear of the surface being shaved and which is 
excellent in both traveling performance and durability 
has been proposed (see Japanese Patent Laid-Open No. 
223025/1985) in which a topcoat (lubricant layer) 55 
which contains a lubricant, an oxidation inhibitor, an 
organic binder, etc. is formed on a ferromagnetic metal- 
lic film by means of coating, and the surface roughness 
(Rmax) of the topcoat is adjusted so as to fall within the 
range from 20 to 200 A. However, this prior art mainly 60 
relates to magnetic recording tapes, and the topcoat 
layer serving as a lubricant layer is provided mainly for 
the purpose of reducing the friction occurring at the 
surface of the magnetic tape to thereby improve the 
traveling stability. 65 

As described above, efforts have been made to im- 
prove the durability and magnetic properties of conven- 
tional magnetic recording media which employ ferro- 



2 

magnetic metallic films as magnetic recording layers: 
namely, provision of an underlayer (intermediate layer) 
or an overcoat (protective layer) on a magnetic film; 
addition of a third element such as Cr to a magnetic 
film; and formation of a lubricant layer having a specific 
surface roughness for the purpose of minimizing friction 
and thereby improving "the traveling stability. How- 
ever, many of these proposed magnetic recording media 
are intended to be used mainly in the audio, video or 
digital recording field. Therefore, although the corro- 
sion resistance and durability are substantially im- 
proved, the magnetic properties are still insufficient to 
satisfy stringent specifications for magnetic recording 
media used for high density recording in which higher 
magnetic properties, durability and reliability are re- 
quired, for example, hard disks for computers. Read and 
write characteristics of magnetic recording media in- 
clude so-called modulation (modulation of read-signal 
envelope) which is a value represented by a parameter 
[(Emax— Enim)/(Emax+Emin)] which is determined 
by a maximum output value Emax and a minimum out- 
put value Emin of a read-signal envelope curve on the 
same circumference in read and write operations of a 
magnetic disk. It is known that the value of modulation 
has a considerable effect on read and write errors, and it 
is therefore strongly desired to lower the value of mod- 
ulation. 

As one example of ferromagnetic metallic films, a 
thin film which contains Co as a principal component 
and 20 to 30 at (atom) % of nickel (Ni) is employed. 
This thin film is formed by, for example, the sputtering 
method, and a magnetic recording medium having a 
basic cross-sectional structure such as that shown in 
FIG. 10 is produced. In an ordinary process, an Ni-P 
amorphous layer 102' is formed on an Al (aluminum) 
alloy substrate 101' by means of electroless plating, and 
a Cr layer 103', a recording layer 104' and a protective 
layer 105' are sucessively formed thereon to construct a 
magnetic recording medium. Since the recording layer 
104' which contains Co as a principal component has a 
hexagonal crystallographic structure, the crystalline 
orientation of the recording layer is dependent on the 
sputtering conditions. For example, if such a recording 
layer is formed on a glass substrate, the C-axis of crystal 
tends to orient perpendicular to the film. In the longitu- 
dinal magnetic recording system in which recording is 
effected by magnetization in a direction parallel to the 
direction of travel, such a tendency is undesirable since 
the C-axis [0001] which is the magnetic easy axis orients 
perpendicularly to the substrate 101'. 

The Cr layer 103' under the recording layer 104 # is an 
underlayer which is formed in order to cause the C-axis 
of the recording layer 104' to extend horizontally. The 
effect of the Cr layer 10' is discussed in 1-200 of "Col- 
lection of Lecture Papers at General National Meeting 
of Electronic Communication Society (1985)". The Cr 
layer 103' which is formed by the sputtering method 
orients perpendicular pendicularly to the (110) plane, 
and when the Co — Ni recording layer 104' is succes- 
sively formed thereon, the recording layer 104' is epi- 
taxially grown on the Cr layer 103', and a (I TOO) plane 
appears parallel to the film surface. More specifically, 
the C-axis of the recording layer 104' which is the mag- 
netic easy axis is formed so as to extend horizontally. As 
a result, the in-plane coercivity He becomes high, i.e., 
about 700 Oe, but the magnetic recording medium in 
which the c-axis of the recording layer 104' which is the 



09/20/2002, EAST version: 1.03.0007 



4,842,917 

3 4 

magnetic easy axis extends horizontally has the problem which undesirably prevents the magnetic head from 

that the noise generated in read and write operations is being stably kept spaced away from the surface of the 

increased. magnetic recording medium at the required very small 

As described above, in the prior art no consideration flying height. When the value of magnetic anisotropy 

is given to the favorite crystallographic orientation of 5 energy Ku is selected so as to fall within the range of 

the recording layer, and the prior art therefore suffers 0^Ku^2xl0 5 erg/cm 3 , Ra and Rmax are preferably 

from unfavorably large noise in read and write opera- set within the ranges of 1 nm^Ra^20 nm and Rmax- 

tions. =8Ra, more preferably 1.5 nm^Ra^4 nm and 

SUMMARY OF THE INVENTION m 6Ra ^ ax = 8 ^ respectively. It is further preferable 

10 to set Rmax within the range in which the absolute 

It is a first object of the present invention to provide value of Rmax exceeds 20 nm and is not greater than 

a magnetic recording medium of the ferromagnetic 150 nm. 

metallic film type which has excellent magnetic proper- When the value of in-plane magnetic anisotropy en- 
ties, particularly a small value of modulation that repre- ergy Ku is selected so as to fall within the range of 
sents the degree of low frequency variation of read 15 O^Ku^8xl0 5 erg/cm 3 , Ra and Rmax are preferably 
output in read and write operations, and improved cor- set within the ranges of 1 nm^Ra^20 nm and 
rosion resistance, durability and reliability and is there- Rmax^25Ra, more preferably I nm^Ra^20 nm and 
fore suitable for high density recording. 9Ra^Rmax^25Ra, furthermore preferably 4 
The present inventors, as a result of exhaustive stud- nm^Ra^8 nm and 9Ra^Rmax ^ 16Ra, respectively, 
ies, have found that the value of modulation (modula- 20 The surface roughness provided on the magnetic film 
tion of read-signal envelope) greatly varies depending of the magnetic recording medium according to the 
upon the central line average surface roughness Ra and present invention may be formed in such a manner that 
maximum surface roughness Rmax of the magnetic film the surface of a predetermined substrate provided with, 
constituting a magnetic recording medium in a direction for example, a plated non-magnetic layer is polished 
perpendicular to the direction of magnetic recording, 25 using rapping powders having an appropriate size 
together with the in-plane magnetic anisotropy energy which enables formation of a desired surface roughness 
Ku of the magnetic film. More specifically, we have and a magnetic film is then formed on the polished 
found that it is possible to lower the value of modulation surface. 

and hence obtain a magnetic recording medium having A ferromagnetic metallic film made of a Co— Ni 

excellent read and write characteristics at high record- 30 based alloy which is one example of the magnetic film 

ing density by specifying the average surface roughness of the magnetic recording medium according to the 

Ra and the maximum surface roughness Rmax in such a present invention preferably contains Ni in the range 

manner that, when Rmax varies within the range of from 20 to 50%, more preferably from 33 to 47%, by 

Rmax^25Ra when Ra is within the range of 1 atomic percentage with respect to Co, since a Ni con- 

nm^Ra^20 nm, the in-plane magnetic anisotropy en- 35 tent less than 20% lowers the coercivity He, whereas, a 

ergy Ku is selected so as to fall within the range of Ni content in excess of 50% lowers the saturation mag- 

0SKu^8x 10 5 erg/cm 3 ; when Rmax is within the netic flux density Bs. The amount of at least one of Zr 

range of Rmax^8Ra, Ku is selected to fall within the and Ti which is to be added to the Co— Ni based alloy 

range of 0^Ku^2X 105 er g/cm 3 ; and when Rmax is is preferably selected so as to fall within the range from 

within the range of 9Ra^Rmax^25Ra, Ku is selected 40 4 to 15%, more preferably from 5 to 10%, by atomic 

to fall within the range of 0^Ku^8x 105 erg/cm 3 . percentage with respect to the total amount of Co and 

Further, we have confirmed that, in a magnetic record- Ni, since a third element amount less than 4% is less 

ing medium which employs a Co— Ni or Co— Cr based effective in improving the corrosion resistance, whereas 

alloy thin film as a recording layer, if at least one of the a third element amount in excess of 15% deteriorates 

elements, i.e., Zr and Ti, is added to the recording layer 45 the saturation magnetic flux density Bs. In the case of a 

as a third element in an amount of 4 to 15 atomic (at) %, magnetic film made of a Co— Cr based alloy, the Cr 

the magnetic anisotropy energy Ku is lowered, and content is preferably not greater than 20% since a Cr 

that, if a Cr or Cr based alloy thin film having a thick- content in excess of 20% lowers the saturation magnetic 

ness of 150 to 500 nm is provided as an underlayer (an flux density Bs, and the amount of at least one of Zr and 

intermediate layer between the recording layer and the 50 Ti added to the Co— Cr based alloy is preferably se- 

substrate), the magnetic anisotropy energy Ku is further lected so as to fall within the range from 4 to 1 5%, more 

lowered and the value of modulation is consequently preferably from 5 to 10%, with respect to the total 

further reduced, which makes it possible to obtain a amount of Co and Cr from the same reason as in the 

magnetic recording medium having excellent read and case of the abovedescribed magnetic film made of a 

write characteristics at high recording density. 55 Co— Ni based alloy. 

The central line average surface roughness (hereinaf- In the magnetic recording medium according to the 
ter referred to as the "average surface roughness") Ra present invention, if a thin film made of Cr or an alloy 
in a direction perpendicular to the recording direction containing Cr as a principal component is provided as 
which is provided on the magnetic film of the magnetic an underlayer (an intermediate layer between the sub- 
recording medium according to the present invention is 60 strate and the magnetic film) for the magnetic film made 
preferably selected so as to fall within the range of 1 of either a Co— Ni or Co— Cr based alloy, orientation 
nm^Ra^20 nm and the maximum surface roughness of the magnetic film is controlled by the underlayer, so 
Rmax is preferably set so as to satisfy the condition of that the value of magnetic anisotropy energy Ku is 
Rmax^25Ra, since an average surface roughness Ra further lowered and it is therefore possible to stably 
smaller than 1 nm makes it difficult to produce the 65 produce a magnetic recording medium which has a 
magnetic recording medium and leads to an unfavorable small value of modulation and excellent read and write 
rise in cost, while an average surface roughness in ex- characteristics at high recording density. The film 
cess of 20 nm results in an excessively rough surface thickness of the underlayer made of Cr or the like is 
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preferably selected so as to fall within the range from 
150 to 500 nm, more preferably from 200 to 300 nm, 
since a film thickness less than 150 nm deteriorates ad- 
hesion to the recording layer, resulting unfavorably in a 
large Ku value and a small He value, whereas a film 5 
thickness in excess of 500 nm undesirably lowers the 
strength in slide contact between the magnetic record- 
ing medium and the magnetic head or the like. 

It is a second object of the present invention to pro- 
vide a highly reliable magnetic recording medium for a 10 
high recording density magnetic disk which employs a 
ferromagnetic metallic film as a recording layer, said 
magnetic recording medium being improved so that the 
noise generated in read and write operations is reduced 
and the medium has excellent magnetic properties, to- 15 
gether with a process for producing said magnetic re- 
cording medium. 

The above-described object of the present invention 
is attained by controlling the crystallographic orienta- 
tion of the magnetic film. More specifically, the present 20 
inventors evaluated the crystallographic orientation of 
various magnetic films by means of the reflection high- 
speed electron diffraction (RHEED) and investigated 
the relationship between the crystallographic orienta- 
tion and the size of noise generated in read and write 25 
operations in relation to the magnetic recording me- 
dium. As a result, we have found that, the more random 
the crystallographic orientation of the magnetic film 
and the more excellent the crystallizability, the smaller 
the noise. We have also found that, if an underlayer for 30 
the magnetic film is defined by a thin film made of an 
alloy containing as a principal component at least one of 
Cr and Mo, which have a body-centered cubic struc- 
ture, and the thin film is formed so as to have random 
crystallographic orientation and a reduced crystalline 35 
size, then the crystallographic orientation of the mag- 
netic film formed thereon can be made random and it is 
possible to epitaxially grow a magnetic film having 
excellent crystallizability. The crystallographic orienta- 
tion of the thin film of Cr or the like which serves as an 40 
underlayer for the magnetic film can be made random 
and the crystalline size thereof can be reduced simply 
by adding a predetermined amount of an oxidizing gas, 
e.g., oxygen, air or water vapor, to an Ax gas atmo- 
sphere which is used when said thin film is formed by a 45 
method such as vacuum evaporation, sputtering, ion 
beam sputtering or ion plating. Further, a magnetic film 
is epitaxially grown on the thin film of Cr or the like 
thus formed so as to have random crystallographic 
orientation and a reduced crystalline size, by removing 50 
the oxidizing gas from the Ar gas used for vacuum 
evaporation or sputtering and lowering the gas pressure 
to a predetermined value. In this way, it is possible to 
form a thin film which is dense and has excellent crys- 
tallizability. 55 

In the case where a thin film of Cr or the like which 
serves as an underlayer for the magnetic film made of a 
Co based alloy is formed in an oxidizing atmosphere by 
a method such as vacuum evaporation or sputtering, the 
oxygen concentration is preferably selected so as to fall 60 
within the range from 0.05 to 1%, more preferably from 
0.5 to 1%, by volume, since an oxygen concentration 
less than 0.05% undesirably increases the grain size of 
Cr or the like and causes the magnetic easy axis (c-axis) 
to orient in one direction within the plane of the film, 65 
whereas an oxygen concentration in excess of 1% 
causes chromium oxides such as O2O3 to be produced, 
which prevents the crystallographic orientation of the 
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magnetic film epitaxially grown on the thin film from 
becoming random, resulting in the c-axis extending in a 
direction perpendicular to the film surface, undesirably. 

The thin film which is formed so as to serve as an 
underlayer for the magnetic film needs to have random 
crystallographic orientation and a very small grain size. 
For this reason, the thin film is preferably formed using 
a metal having a body-centered cubic structure, e.g., Cr 
or Mo, or an alloy containing such a metal as a principal 
component. The film thickness of the underlayer for the 
magnetic film is preferably selected so as to fall within 
the range from 50 to 2000 nm, more preferably from 100 
to 1000 nm, since a film thickness less than 50 nm results 
in insufficiently random crystallographic orientation of 
the magnetic film and makes it impossible to epitaxially 
grow a film having excellent crystallizability, whereas a 
film thickness in excess of 2000 nm lowers the mechani- 
cal strength required for the magnetic disk, undesirably. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 schematically shows the cross-sectional struc- 
ture of a magnetic disk produced in Example 1 of the 
present invention; 

FIGS. 2 and 3 are graphs showing the relationship 
between in-plane magnetic anisotropy energy Ku and 
modulation of samples of the magnetic disk produced in 
Example 1; 

FIG. 4 is a graph showing the relationship between 
Cr film thickness and modulation in Example 2; 

FIG. 5 schematically shows the cross-sectional struc- 
ture of magnetic disks produced in Examples 3, 4, 5 and 
6 of the present, invention; 

FIG. 6 shows an RHEED pattern of the Cr film in 
Example 3; 

FIG. 7 shows an RHEED pattern of the magnetic 
film in Example 3; 

FIG. 8 is a graph showing the relationship between 
diffraction spot intensity ratio of the RHEED patterns 
of the magnetic films in Examples 3, 4, 5 and 6 and noise 
generated in read and write operations in relation to the 
magnetic disk; 

FIG. 9 schematically shows the structure of an RF 
magnetron sputtering machine employed to form thin 
films in Examples 3, 4, 5 and 6; 

FIG. 10 schematically shows the basic cross-sectional 
structure of a magnetic recording medium for an ordi- 
nary magnetic disk; 

FIG. 11 shows an RHEED pattern of a Cr film 
formed in a conventional method (Comparative Exam- 
ple 1); and 

FIG. 12 shows an RHEED pattern of a magnetic film 
produced by a conventional method (Comparative Ex- 
ample 1). 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

It is generally preferable that magnetic recording 
media such as magnetic disks have constant magnetic 
properties in the circumferential direction of each mag- 
netic disk. More specifically, it is considered preferable 
from the viewpoint of uniformity of read output and 
reduction of modulation errors that the magnetic easy 
axis within the circumferential plane extend in a fixed 
direction and the size of residual spontaneous magneti- 
zation be constant However, in magnetic recording 
media actually produced, the magnetic easy axes of the 
magnetic film extend in various directions or in the 
same one direction within the plane. In such a case, the 
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read output varies at various positions in the circumfer- 
ential direction, and the envelope of the waveform of 
the read output shows variations known as modulation. 
In general, it is difficult to control the direction of the 
magnetic easy axis of the magnetic film from the view- 
point of process. However, if the value of in-plane mag- 
netic anisotropy energy Ku of the magnetic film is de- 
creased and the surface roughness of the magnetic film 
is appropriately controlled, it is eventually possible to 



reduce the width of read output variations depending 10 of modulation. 



vantageously enable a dense oxide film to be readily 
formed on the surface of the film and also permit corro- 
sion resistance to be considerably improved by so-called 
passivation. Further, formation of an underlayer (un- 
derlayer for the magnetic film) of Cr or an Cr based 
alloy between the magnetic film and the substrate ena- 
bles the orientation of the magnetic film to be controlled 
by the underlayer, so that it is possible to stably produce 
a magnetic recording medium having a minimized value 



upon the position on the circumference of the magnetic 
recording medium even if the magnetic easy axis does 
not extend in the desired direction as described above. 
The relationship between the magnetic anisotropy en- 
ergy Ku and the modulation in this case is greatly af- 15 
fected by the surface roughness of the magnetic film of 
the magnetic recording medium. For example, if a com- 
parison is made between a magnetic recording medium 
having a surface roughness in a direction perpendicular 
to the direction of travel of the magnetic recording 20 
medium which is represented by 1 nm^Ra^20 nm and 
Rmax^8Ra and a magnetic recording medium having a 
surface roughness represented by 1 nm^Ra^20 nm 
and 9Ra^Rmax^25Ra, the latter has a smaller value of 
modulation for the same value of magnetic anisotropy 25 
energy Ku. Considering the fact that the specifications 
with respect to the magnetic anisotropy energy Ku 
differ depending upon the surface roughness, it may be 
possible to enhance the magnetic shape anisotropy in 
the direction of travel of the magnetic recording me- 30 
dium and reduce the effect of Ku by intentionally in- 
creasing the degree of surface roughness of the mag- 
netic film in a direction perpendicular to the medium 
traveling direction. When such a surface treatment is 
applied to a magnetic recording medium, it is possible to 35 
achieve various advantages over a magnetic recording 
medium not subjected to the surface treatment, such as 
improvements in magnetic properties, less sticking be- 
tween the magnetic head and the medium and an im- 



The present invention will be described hereinunder 
in more detail by way of Examples and with reference 
to the accompanying drawings. 

(EXAMPLE 1) 

FIG. 1 shows the cross-sectional structure of a mag- 
netic disk in accordance with Example 1. 

A substrate 1 made of an Al alloy and having an outer 
diameter of 130 mm, an inner diameter of 40 mm and a 
thickness of 1.9 mm was prepared. Plated non-magnetic 
layers 2 and 2' each made of a Ni— P or Ni— W— P 
based alloy and having a thickness of 20 fim were 
formed on the substrate 1. The surfaces of the plated 
non-magnetic layers 2 and 2' were polished using, for 
example, AI2O3 abrasive tape having an abrasive grain 
size of i to 10 u,m in order to control the surface rought- 
ness so that a predetermined average surface roughness 
Ra and maximum surface roughness Rmax were ob- 
tained on the magnetic film of the magnetic disk. Cr 
films 3 and 3' each having a predetermined film thick- 
ness were formed on both surfaces, respectively, of the 
substrate 1 provided with the plated non-magnetic lay- 
ers 2, 2' and having the surface rough controlled appro- 
priately, by the sputtering method using Cr target and 
under the conditions that the substrate temperature was 
180° C, the Ar gas pressure, 5 mTorr, and the RF 
power density, 4 W/cm 2 Magnetic films 4 and 4' each 
having a thickness of 60 mm were formed on the Cr 
films 3 and 3' , respectively, by the sputtering method 



provement in traveling performance, but, at the same 40 using a Co— 30 (representing at %) Ni alloy target and 



time, the surface-treated magnetic recording medium 
suffers from disadvantages such as deterioration of mag- 
netic head flying characteristics and lowering in econ- 
omy due to addition of manufacturing steps in the pro- 
cess for producing the magnetic recording medium. 45 
Thus, the surface treatment involves both merits and 
demerits. Whether the surface treatment is to be carried 
out or not is determined in accordance with the specifi- 
cations of each individual type of magnetic recording 
medium such as magnetic disks. 50 

The in-plane magnetic anisotropy energy Ku of the 
magnetic film can effectively be reduced by adding, as 
a third element, at least one of Zr and Ti to the magnetic 
film of a magnetic recording medium which is defined 
by a Co — Ni or Co — Cr based alloy thin film which is 55 
one example of the present invention. These magnetic 
films made from Co— Ni and Co — Cr based alloys ad- 



a Co— Ni alloy target mixed with 7 or 8 at % of Zr or 
Ti and under the same sputtering conditions as the 
above. The composition of the magnetic films 4 and 4' 
was substantially coincident with that of the correspon- 
dign target Further, protective lubricant layers 5 and 5' 
made of C were formed on the magnetic films 4 and 4' 
, respectively, by the sputtering method under the same 
conditions as the above. 

Read and write characteristics of the magnetic disks 
thus produced were measured under the following con- 
ditions: 

Head used . . . Mn — Zn ferrite head 
Head gap length ... 0.3 u-m 
Head spacing ... 0.2 fim 

Further, magnetic anisotropy energy Ku was mea- 
sured using a magnetic torque meter. Results are shown 
in Table 1 below. 

TABLE 1 





Surface 


Cr 


Composition 








rou 


ighness 


film 


of 




Modulation 




Ra 


Rmax 


thickness 


magnetic 


Ku 


(Emax - Emin)/ 


Samples 


(nm) 


(nm) 


(nm) 


films (at %) 


(erg/cm 3 ) 


(Emax + Emin) (%) 


1 


4 


30 


250 


Co— 30Ni 


2.4 X 10 5 


20 


2 


3 


20 


100 


Co— 35Nt— 8Ti 


3.5 X 10 3 


25 


3 


8 


60 


250 


Co — 30Ni — TTi 


1.2 X I0 5 


11 


4 


4 


25 


250 


Co— 27Ni— 8Zr 


1.4 X 10 5 


12 


5 


2 


15 


500 


Co— 25Nt— 7Zr 


1.0 x 10 5 


8 


6 


5 


80 


250 


Co— 30Ni 


7.0 X 10 3 


15 " 
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TABLE 1 -continued 





Surface 


Cr 


Composition 








roughness 


film 


of 




Modulation 




Ra Rmax 


thickness 


magnetic 


Ku 


{Emax — Emin)/ 


Samples 


(nm) (nra) 


(nm) 


films (at %) 


(erg/cm 3 ) 


(Emax + Emin) (%) 


7 


10 200 


100 


Co— 35Ni— 8Ti 


3.5 X 10 5 


8 


8 


7 65 


250 


Co— 30Ni— 7Ti 


2.0 X 10 5 


5 


9 


8 130 


250 


Co— 27Ni— 8Zr 


3.0 X 10 5 


6 


10 


IS 300 


500 


Co— 25Ni— 72r 


1.0 X 10 5 


4 



Samples 1 to 5 shown in Table 1 are magnetic disks 
formed by employing substrates having their surfaces 
polished so that the relationship between the surfaces 
roughnesses Ra and Rmax of the magnetic films of the 
respective media satisfied the contradiction of Rmax- 
^8Ra when Ra was selected so as to fall within the 
range of 1 nm^Ra^20 nm, setting the Cr film thick- 
ness at 100, 250 and 500 nm, respectively, and employ- 
ing as the magnetic films Co— 30Ni f Co— 30 Ni— 8Zr 
and Co— 30Ni— 8Ti alloy thin films, respectively. The 
relationship between the magnetic anisotropy energy 
Ku (erg/cm 3 ) and modulation [(Emax— Emin) / 
(Emax + Emin) (%)] is shown in FIG. 2. As will be 
clear from the figure, when the value of Ku satisfies the 
condition of 0^Ku^2X 10 5 erg/cm 3 , the value of mod- 
ulation is less than 20%. 

It will be understood from the comparison between 
the samples 1 and 3, 4 shown in Table 1 that the addition 
of 7 to 8 at % of Ti or Zr to the magnetic film of a 
Co — Ni based alloy enables the values of Ku and modu- 
lation to lower by about 40 to 50% despite the same film 
forming conditions. 

Samples 6 to 10 shown in Table 1 are magnetic disks 
produced under the same conditions as those for the 
abovedescribed samples 1 to 5 by using substrates hav- 
ing their surfaces polished so that the relationship be- 
tween the surfaces roughnesses Ra and Rmax of the 
magnetic films of the respective media satisfied the 
condition of 9Ra^Rmax = 25Ra when Ra was selected 
so as to fall within the range of 1 nm^Ra^20 nm. The 
relationship between Ku and modulation is shown in 
FIG. 3. As will be clear from the figure, the samples 6 



of all of these magnetic disks were about 23 kFCI (mag- 
netic Flux Change per Inch), but the read output 
showed about a 20% increase. Comparison between the 
samples 6 and 8, 9 shows that the addition of 7 to 8 at % 
15 of Ti or'Zr to a Co— Ni based alloy magnetic film ena- 
bles the values of magnetic anisotropy energy Ku and 
modulation to be lowered 60 to 70% despite the same 
film forming conditions. 

20 (EXAMPLE 2) 

By employing substrate 1 which are similar to those 
used for the samples 1 to 10 in Example 1 and which had 
the plated non-magnetic layers 2, 2' formed thereon, 
Cr films 3 and 3' each having a predetermined film 

25 thickness were formed on both surfaces, respectively, of 
each of the substrates 1 by the sputtering method under 
the conditions that the substrate temperatures was 150° 
C, the Ar gas pressure, 15 mTorr, and the RF power 
density, 6 W/cm 2 . Magnetic films 4 and 4' each having 

30 a film thickness of 70 nm were formed on the Cr films 3 
and 3\ respectively, under the same sputtering condi- 
tions as the above and employing as targets Co — Ni 
alloy and Co — Ni alloys which were mixed with 5 at %, 
10 at % and 15 at % of Zr. Protective lubricant layers 

35 5 and 5' composed of C films each having a film thick- 
ness of 50 nm were formed on the magnetic films 4 and 
4' , respectively, in the same way as in Example 1, thus 
producing magnetic disks shown as samples 11 to 25 in 
Table 2 below. Read and write characteristics and mag- 

40 netic anisotropy energy Ku of the magnetic disks thus 
produced were measured in the same manner as in Ex- 
ample 1. The results are shown in Table 2. 

TABLE 2 





Surface 


Cr 


Composition 








roughness 


film 


of 




Modulation 




Ra 


Rmax 


thickness magnetic 


Ku 


(Emax + Emin)/ 


Samples 


(nm) 


(nm) 


(nm) 


films (at %) 


(erg/cm 3 ) 


(Emax + Emin) (%) 


11 


5 


40 


150 


Co— 40Ni 


3.9 X 10 3 


31 - 


12 


6 


40 


250 


Co— 39Ni 


2.5 X 10 5 


20 


13 


5 


30 


500 


Co— 39N1 


1.5 X 10 5 


12 


14 


4 


30 


150 


Co— 20Ni-5Zr 


2.4 X 10 5 


18 


15 


5 


35 


250 


Co— 30Ni— 5Zr 


1.1 X 10 5 


11 


16 


5 


30 


500 


Co— 20Ni-5Zr 


1.0 X io 3 


7 


17 


3 


20 


150 


Co— 20Ni— lOZr 


2.2 X 10 5 


18 


18 


7 


55 


250 


Co— 20Ni— 9Zr 


.1.2 X 10 3 


10 


19 


5 


35 


500 


Co— 19Ni— lOZr 


0.9 X 10 5 


6 


20 


4 


30 


150 


Co— 50Ni— 5Zr 


2.6 X 10 5 


20 


21 


3 


25 


250 


Co— 45Ni— 5Zr 


1.2 X 10 5 


11 


22 


3 


20 


500 


Co— 49Ni— 5Zr 


0.9 X 10 5 


6 


23 


3 


35 


150 


Co— 49Ni— 15Zr 


2.4 X 10 5 


19 


24 


5 


30 


250 


Co— 50Ni— 16Zr 


l.l X 10 5 


11 


25 


6 


40 


500 


Co— 50Ni— 15Zr 


1.0 X 10 s 


8 



to 10 had the values of modulation (%) smaller than 
those of the samples 1 to 5 although the media had the 
same values for Ku (erg/cm 3 ), and the value of modula- 
tion was less than 10% when the value of Ku satisfied 
the condition of 0^Ku^4x 10 5 erg/cm 3 . The record- 
ing densities Dso (recording density at which the read 
output is J of the read output at low recording density) 



Samples 11 to 25 shown in Table 2 are magnetic disks 
formed by employing substrates having their surfaces 
65 polished so that the relationship between the surface 
roughnesses Ra and Rmax of the magnetic films of the 
respective media satisfied the conditions of 1 
nm^Ra^20 nm and Rmax^8Ra, and setting the Cr 
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film thickness at 150, 250 and 500 nm, respectively, and 
forming as respective recording layers thin films of 
about Co— 40Ni, Co— 20Ni— 5Zr, Co— 20Ni— lOZr, 
Co— 50Ni— 5Zr and Co— 50Ni— !5Zr alloys each hav- 
ing a film thickness of 700 A. The relationship between 5 
the modulation [(Emax— Emin)/(Emax+Emin)(%)] 
and Cr film thickness (/im) is shown in FIG. 4. As will 
be clear from the figure, as the Cr film thickness in- 
creased the modulation of the magnetic disks lowered, 
and when the Cr film thickness changed from 0.15 jtim 10 
to 0.5 p,m, the value of modulation lowered from 31% 
to 19% for the Co— Ni alloy and from 20% to 8% for 
all of the Co— ^Ni— Zr based alloys. It is found from a 
comparison between the Co — Ni based alloy thin films 
of the samples 11 to 13 shown in Table 2 and the 15 
Co — Ni — Zr based alloy thin films of the samples 14 to 
25 that the latter films had 40 to 50% lowering in modu- 
lation. Such a tendency is not limited to the case where 
Zr is added, but a similar result was obtained in the case 
where Ti was added also. Ternary or quaternary alloys 20 
formed by adding Ti or Zr to Co— Ni based alloys were 
considerably improved also in corrosion resistance as 
compared with the former Co — Ni based alloys. In 
Co— Ni based alloy thin films, Co— 20Ni and Co— 50Ni 
alloy thin films also showed similar effects to those of 25 
the samples 11 to 13. The relationship between Cr film 
thickness and modulation in the samples 11 to 25 
showed similar results also in the case where substrates 
similar to those employed in the samples 2 to 6 shown in 
Table I were used. 30 

Although Co — Ni based alloys have been taken as 
examples of materials for thin films to define recording 
layers in the above-described Examples 1 and 2 of the 
present invention, it should be noted here that similar 
effects are also produced in the case of magnetic films 35 
or the like formed by adding at least one of Ti and Zr to 
Co— Cr based alloys. 

Although the present invention has been described 
above by way of Examples in which the invention is 
applied to magnetic disks formed using Al substrates 40 
provided with plated non-magnetic layers (Ni— P or 
Ni — W — P), the present invention is not necessarily 
limited to such media but may be applied to magnetic 
disks using ceramics substrates, floppy disks, magnetic 
tapes, etc. Further, the film forming method which can 45 
be employed in the present invention is not necessarily 
limitative to the sputtering method, but it is, as a matter 
of course, possible to employ other methods such as ion 
beam sputtering, ion plating, vacuum evaporation and 
various plating methods. 50 

As has been described in detail, the present invention 
provides a magnetic recording medium in which the 
central line average surface roughness Ra and maxi- 
mum surface roughness Rmax in a direction perpendic- 
ular to the recording direction are set within predeter- 55 
mined ranges, respectively, and the in-plane magnetic 
anisotropy energy Ku in the magnetic film serving as a 
recording layer is set so as to be smaller than a predeter- 
mined value, so that the corrosion resistance is im- 
proved and it is possible to reduce considerably the 60 
value of modulation which represents the degree of 
variation of read output. Accordingly, it is possible to 
obtain a magnetic recording medium of high durability 
and reliability which is suitable for high density mag- 
netic recording. 65 

When a thin film of Cr or the like which defines an 
underlayer for a magnetic film made from a Co based 
alloy is formed by a method such as vacuum evapora- 
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tion or sputtering in an oxidizing atmosphere, addition 
of an oxidizing gas causes generation of a large number 
of crystal nuclei and also concentration of oxygen 
atoms to the gain boundaries, thus hindering the growth 
of grains. In consequence, there is no orientation based 
on the crystal growth anisotropy, and a formed thin film 
of Cr or the like results in an aggregate of crystallites 
having random crystallographic orientation. Such ran- 
dom crystallographic orientation may be obtained by 
increasing the gas pressure (e.g, the Ar gas pressure). In 
this case, however, voids are produced between grains, 
and this leads to lowering in mechanical strength of a 
thin film of Cr or the like which defines an underlayer 
for the magnetic film.. Therefore, such a means cannot 
be employed. 

In the formation of a magnetic film on a thin film of 
Cr or the like serving as an underlayer, the magnetic 
film can be epitaxially grown on the thin film by remov- 
ing the oxidizing gas, and it is possible to form a mag- 
netic film which is dense and has excellent crystalliza- 
bility by lowering the gas pressure (e.g., the Ar gas 
pressure). 

The present invention will be further described 
below in detail by way of Examples and with reference 
to the drawings. 

(EXAMPLE 3) 

Formation of a thin film was carried out using an 
ordinarily employed RF magnetron sputtering machine 
8 such as that shown in FIG. 9. The cross-sectional 
structure of the thin film thus formed is shown in FIG. 
5. A substrate 101 made of an aluminum based alloy and 
having a diameter of 125 mm was employed, and an 
Ni— P amorphous layer 102 was formed on the surface 
of the substrate 101 by the electroless plating method. 
After the interior of the sputtering machine 8 had been 
evacuated to 3X 10" 5 Pa, a gas formed by adding 1% 
by volume of O2 to Ar gas was introduced into the 
sputtering machine 8, and with the overall pressure 
adjusted to 1 Pa, an RF power of 2 kW was applied to 
generate a plasma, thereby effecting sputtering from a 
Cr target 9, and thus forming a Cr film 103 which de- 
fines an underlayer having a film thickness of 250 nm. 
Thereafter, the Cr target 9 was exchanged for a Co— Ni 
target 10 by rotating the table within the sputtering 
machine 8. After the interior of the machine 8 had been 
evacuated to 3X 10- 5 Pa, Ar gas was introduced until 
the pressure reached I Pa. In this state, a magnetic film 
104 made from a Co— 20 at % Ni alloy and having a 
thickness of 50 nm was formed with an RF power of 2 
kW and at a substrate temperature of 200° C. Thereaf- 
ter, an ordinary protective film 105 was provided to 
produce a magnetic disk. 

Then, orientation of each of the Cr film 103 and mag- 
netic film 104 of the magnetic disk produced in accor- 
dance with the above-described procedure was exam- 
ined by the RHEED method. The results are shown in 
FIGS. 6 and 7, respectively. The RHEED patterns for 
both the films had ring-shaped configurations, which 
shows that the films have no orientation in a specific 
direction. In FIGS. 6 and 7, the reference numeral 14 
denotes the incident beam position, 15 the sample edge, 
and 22 the 002 diffraction line. 

The diffraction spot intensity of the RHEED pattern 
of the magnetic film 104 shown in FIG. 7 was measured 
in terms of the degree of blackening of a film using a 
microphotometer. The results showed that the diffrac- 
tion spot intensity ratio of the 0002 reflection to the 
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1100 reflection was 2.8:1 and close to the X-ray diffrac- 104', another Cr film 103' formed on a substrate 101' 

tion spot intensity ratio 3:1 of powder samples. Noise provided with a Ni— P amorphous layer 102' under the 

characteristics in read and write operations of the mag- same conditions as the above was observed by the 

netic disk were measured as follows: The magnetic head RHEED method. The results are shown in FIG. 11. As 

used was a Mn— 2n ferrlte head having a gap length of 5 will be clear from the figure, a pattern representing the 

0.5 /im; the relative speed between the magnetic head fact that the film plane oriented in the direction of (110) 

and the medium was 20 m/s; and the spacing was 0.21 was obtained. In FIG. 11, the reference numeral 16 

pirn. The results of measurement showed that the noise denotes the 110 diffraction line, 17 the 200 diffraction 

up to 9 MHz was 6.4 jiVrms (root mean square). line, 18 the 211 diffraction line, 19 the 220 diffraction 

. . _ _ . x 10 line, 14 the incident beam position, and 15 the sample 

(EXAMPLE 4) edge 

In the formation of the Cr film 103, a gas formed by Then, a Co — Ni (Ni 20 at %) magnetic film 104' 

adding 0.5% by volume of O2 gas to Ar was employed. having a thickness of 50 nm was formed on the Cr film 

The other film forming conditions were the same as 103' at a substrate temperature of 200° C The condi- 

those in Example 3. The uppermost magnetic film 104 15 tions for forming the magnetic film 104' were the same 

showed somewhat crystallographic orientation in the as those for the Cr film 103'. As will be clear from FIG. 

direction of (1100), and the diffraction spot intensity 12, the RHEED pattern of the magnetic film 104' 

ratio of the 0002 reflection to the 1100 reflection was 1 showed orientation in the direction of (1100), that is, the 

4:1. The noise in relation to a magnetic disk formed pattern showed the fact that the c-axis of the magnetic 
using this magnetic film was measured. The results of 20 film 104' extended in parallel to the film surface^ In the 

measurement showed that the noise up to 9 MHz was figure, the reference numeral 20 denotes the 1100 dif- 

9.3 jxVrms. fraction line, 21 the 2200 diffraction line, 14 the incident 

fRXAMPLH 5^ * beam P 0 ^ 011 * ^ 15 the sam P le ed 8 e - 

* i * iAA ^ > Noise characteristics in read and write operations of 

In the formation of the Cr film 103, a sputtering gas 25 the magnetic disk produced by the above-described 
formed by adding 0.1% by volume of O2 gas to Ar was conventional technique were measured by the same 
employed. The other film forming conditions were the method as in Example 3. The results showed that the 
same as those in Example 3. The magnetic film 104 noise up to 9 MHz was 19.8 jtVnns. 
showed a considerably high degree of crystallographic rrnivTPA* attvp pyampt p o\ 

orientation in the direction of (1100), and the diffraction 30 (COMPARATIVE EXAMPLE 2) 

spot intensity ratio of the 0002 reflection to the 1100 In the formation of the Cr film 103 shown in FIG. 5, 
reflection was 0.3:1. The noise in relation to a magnetic a gas formed by adding 5% by volume of O2 gas to Ar 
disk using this magnetic film was measured. The results was employed as a sputtering gas. The other film form- 
of measurement showed that the noise up to 9 MHz was ing conditions were the same as those in Example 3. The 
16.2 u-Vrms. 35 Cr film was oxidized to become CtjO^. The magnetic 

„ film formed thereon showed a high degree of orienta- 

(EXAMPLE 6) rion in the direction of (0001). The diffraction spot in- 

In the formation of each of the Cr and magnetic films tensity ratio of the 0002 reflection and 1100 reflection of 
103 and 104, a gas formed by adding 1% by volume of the RHEED pattern was 5.3:1. The noise of the mag- 
O2 gas to Ar was employed. The degree of crystallo- 40 netic disk was 23.6 jiVrms. 

graphic orientation of the magnetic film 104 was the As shown in the above-described Examples 3, 4, 5 
same as in Example 3, but the diffraction line was broad, and 6 and Comparative Examples 1 and 2, relationship 
so that the half-width of the diffraction line measured is found between the crystallographic orientation of the 
with a microphotometer was about double that in Ex- magnetic film made of a Co based alloy and the read 
ample 3. 45 and write signal noise. More specifically, if the degree 

The noise in relation to this magnetic film was 12.8 of crystallographic orientation of the magnetic film is 
fiVrms. represented by the diffraction spot intensity ratio of the 

/f^rwjro ada tt\/t3 cvATivfTJT c *\ 0002 reflection to the 1100 reflection on in the RHEED 

(COMPARATIVE EXAMPLE 1) diffraction, the noise is related to the diffraction spot 

A magnetic disk was produced by the conventional 50 intensity ratio as shown in FIG. 8. Thus, the noise gen- 
method described below. Namely, the formation of a erated in read and write operations of the magnetic disk 
thin film was carried out using an RF magnetron sput- can be minimized by forming the magnetic film so as to 
tering machine 9 shown in FIG. 9. The cross-sectional have random orientation [diffraction spot intensity ratio 
structure of the thin film thus formed is shown in FIG. (I0002/I1100) =: 3], 

10. A Cr film 103' was first formed on an aluminum 55 As shown in the above-described Examples, when a 
alloy substrate (diameter: 125 mm) having a Ni — P Cr film serving as an underlayer for a magnetic film 
amorphous layer 102' formed on the surface by electro- made from a Co based alloy is formed by sputtering or 
less plating. After the interior of the sputtering machine vacuum evaporation, the crystallographic orientation of 
8 had been evacuated to 3 X 10~ 3 Pa, Ar gas was intro- the Cr film can effectively be made random and also the 
duced until the pressure reached 1 Pa. In this state, an 60 grain size of the Cr film can be made very small by 
RF plasma was generated to effect sputtering from a Cr adding about 0.05 to 1% by volume of oxygen gas to Ar 
target 9. The thickness of the Cr film 103' was 250 nm, gas. The formation of the Cr film having random crys- 
the applied RF power was 2 kW, and the substrate tallographic orientation enables the Co based alloy 
temperature was 200° C In the actual magnetic film magnetic film expitaxially grown thereon to have ran- 
forming process, the target was then exchanged for 65 dom crystallographic orientation. In addition, it is possi- 
another by rotating the table within the sputtering ma- ble to form a magnetic film having excellent crystalliza- 
chine 8 to form a magnetic film 104'. In this Example, bility, so that the noise generated in read and write 
however, before the formation of the magnetic film operations can be reduced considerably. 
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It is a matter of course that the concentration of oxy- 
gen gas which is most suitable for making the crystallo- 
graphic orientation of the Cr underlayer film random 
differs depending upon the type of sputtering machine 
of vacuum evaporation machine employed. 5 

Although in the above-described Examples 3, 4, 5 and 
6 of the present invention, a Cr film has been exemplar- 
ily employed as an underlayer provided in order to 
produce random crystallographic orientation of the 
magnetic film serving as a recording layer, it has been 10 
confirmed that equivalent effects are also produced by 
using alloys containing Cr as a principal component and 
metals or alloys having a body-centered cubic structure 
such as Mo or Mo based alloys. Further, although in the 
above-described Examples a Co— Ni based alloy was 15 
employed as a material for a Co based alloy magnetic 
film to be epitaxially grown on a Cr film serving as an 
underlayer, it is also possible to employ Co as an ele- 
ment, Co— Cr, Co— Pd, Co— Fe, Co— Fe— Cr, 
Co— Ni— Cr, Co— Fe— Ni, Co— Ti, Co— Cu and the 20 
like, and in such cases also, advantageous effects similar 
to those in the described Examples are obtained. Al- 
though the sputtering method was employed as a film 
forming method, it is, of course, possible to produce the 
magnetic recording medium according to the present 25 
invention using other methods such as ion beam sputter- 
ing, ion plating and vacuum evaporation. 

As has been described in detail, the process for pro- 
ducing a magnetic recording medium according to the 
present invention enables formation of a magnetic film 30 
having random crystallographic orientation and excel- 
lent crystallizability, so that is is possible to considera- 
bly reduce the noise generated in read and write opera- 
tions of the magnetic recording medium. Accordingly, 
it is possible to obtain a magnetic recording medium 35 
which has excellent magnetic properties and improved 
performance and reliability and which is suitable for 
high density recording. 

What is claimed is: 

1. A magnetic recording medium having a magnetic 40 
film formed on a substrate through an underlayer hav- 
ing a thickness from 150-500 nm, characterized in that 
the central line average surface roughness Ra and maxi- 
mum surface roughness Rmax of said magnetic film in a 
direction perpendicular to the direction of magnetic 45 
recording are within the ranges of 1 nm^Ra^20 nm 
and Rmax^25Ra, respectively, the in-plane magnetic 
anisotropy energy Ku of said magnetic film is within the 
range of 0^Ku^8xl0 5 erg/cm 3 , and said magnetic 
film is made of Co or an alloy containing Co as a princi- 50 
pal component. 

2. A magnetic recording medium according to claim 
1, wherein said average surface roughness Ra and said 
maximum surface roughness Rmax are within the 
ranges of 1 nm^Ra^20 nm and Rmax^8Ra, respec- 55 
tively, and said magnetic anisotropy energy Ku is 
within the range of 0^Ku^2x 10 s erg/cm 3 . 

3. A magnetic recording medium according to claim 
1, wherein said average surface roughness Ra and said 
maximum surface roughness Rmax are within the range 60 
of 1.5 nm^Ra^4 nm and 6Ra^Rmax^8Ra, respec- 
tively, and said magnetic anisotropy energy Ku is 
within the range of O^Ku 2x 10 5 erg/cm 3 . 

4. A magnetic recording medium according to claim 

3, wherein said maximum surface roughness Rmax is 65 
within the range of 20 nm<Rmax^l50 nm, and said 
magnetic anisotropy energy Ku is within the range of 
0£Ku^2x 105 erg/cm 3 . 
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5. A magnetic recording medium according to claim 
1, wherein said average surface roughness Ra and said 
maximum surface roughness Rmax are within the 
ranges of 1 nm^Ra^20 nm and 9Ra^Rmax^25Ra, 
respectively, and said magnetic anisotropy energy Ku is 
within the range of 0^Ku^8x 10 5 erg/cm 3 . 

6. A magnetic recording medium according to claim 
1, wherein said average surface roughness Ra and said 
maximum surface roughness Rmax are within the range 
of 4 nm^Ra 8 nm and 9Ra^Rmax^l6Ra, respec- 
tively, and said magnetic anisotropy energy Ku is 
within the range of 0^Ku^8x 10 5 erg/cm 3 . 

7. A magnetic recording medium according to any 
one of claims 1 to 6, wherein said magnetic film is 
formed from an alloy containing Co as a principal com- 
ponent. 

8. A magnetic recording medium according to claim 
7, wherein said magnetic film is formed from an alloy 
containing Co as a principal component, said alloy fur- 
ther containing Ni in an amount of from 20 to 50% by 
atomic percentage with respect to Co and at least one 
element selected from Zr and Ti in an amount of from 4 
to 15% by atomic percentage with respect to the total 
amount of Co and Ni. 

9. A magnetic recording medium according to claim 
7, wherein said magnetic film is formed from an alloy 
containing Co as a principal component, said alloy fur- 
ther containing Cr in an amount of 20% or less by 
atomic percentage with respect to Co and at least one 
element selected from Zr and Ti in an amount of from 4 
to 15% by atomic percentage with respect to the total 
amount of Co and Cr. 

10. A magnetic recording medium according to claim 

7, wherein said underlayer is defined by a thin film 
formed from Cr or an alloy containing Cr as a principal 
component 

11. A magnetic recording medium according to claim 

8, wherein -said underlayer is defined by a thin film 
formed from Cr or an alloy containing Cr as a principal 
component. 

12. A magnetic recording medium according to claim 

9, wherein said underlayer is defined by a thin film 
formed from Cr or an alloy containing Cr as a principal 
component. 

13. A magnetic recording medium comprising: 
a substrate; 

a magnetic film made of Co or an alloy containing Co 
as a principal component, having excellent crystal- 
lizability and no crystallographic orientation pro- 
vided over said substrate; 

the central line average surface roughness Ra and 
maximum surface roughness Rmax of said mag- 
netic film in a direction perpendicular to the direc- 
tion of magnetic recording being selected so as to 
fall within the ranges of 1 nm^Ra^20 nm and 
Rmax^25Ra, respectively; and 

the in-plane magnetic anisotropy energy Ku of said 
magnetic film being selected so as to fall within the 
range of 0^Ku^8x 10 5 erg/cm 3 . 

14. A magnetic recording medium comprising: 
a substrate; 

an underlayer for a magnetic film, said underlayer 
having a thickness from 50-2,000 nm and being 
formed from a metal or alloy having a body-cen- 
tered cubic structure and having no crystallo- 
graphic orientation; 

a magnetic film having excellent crystallizability and 
no crystallographic orientation, said magnetic film 
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being formed from Co or an alloy containing Co as 
a principal component; 
the central line surface roughness Ra and maximum 
surface roughness Rmax of said magnetic film in a 
direction perpendicular to the direction of mag- 5 
netic recording being selected so as to fall within 
the ranges of 1 nm^Ra^20 nm and Rmax^25Ra, 
respectively; and 
the in-plane magnetic anisotropy energy Ku of said 
magnetic film being selected so as to fall within the 10 
range of 0^Ku^8xlO 5 erg/cm 3 . 
. 15. A magnetic recording medium according to claim - 
14, wherein the crystallographic orientation of said 
magnetic film is so that, when the degree of said orienta- 
tion is expressed in terms of the diffraction spot intensity 15 
ratio of the 0002 diffraction line to the 1100 diffraction 
line in electron beam diffraction by the high-speed elec- 
tron beam diffraction, said diffraction spot intensity 
ratio is within the range from 1 to 3. 

16. A magnetic recording medium according to claim 20 
14 or 15, wherein said underlayer is formed from Cr or 
Mo or an alloy containing Cr or Mo as a principal com- 
ponent 

17. A magnetic recording medium according to claim 
14 or 15, wherein said underlayer is formed from Cr or 25 
an alloy containing Cr as a principal component. 

18. A magnetic recording medium according to any 
one of claims 1 or 14, wherein said alloy containing Co 
as a principal component is at least one alloy selected 
from the group consisting of Co — Ni, Co— Cr, Co— Pd, 30 
Co— Fe, Co— Fe— Cr, Co— Ni— Cr, Co— Fe— Ni, 
Co— Ti, and Co— Cu. 

19. A process for producing a magnetic recording 
medium for a magnetic disk which has a magnetic film 
formed on a substrate from Co or an alloy containing 35 
Co as a principal component, said process comprising 
the steps of: 

forming an underlayer for said magnetic film, said 
underlayer having a thickness from 50-2,000 nm 
and being formed from a metal or an alloy having 40 
a body-centered cubic structure, said underlayer 
having no crystallographic orientation and said 
underlayer being formed by a method selected 
from sputtering, ion beam sputtering, vacuum 
evaporation and ion plating in such a manner that 45 
least one oxidizing gas selected from oxygen, air 
and water vapor or an inert gas containing said 
oxidizing gas is introduced into an atmosphere for 
forming said underlayer; 

suspending the supply of said oxidizing gas after the 50 
formation of said underlayer; and 

forming said magnetic film in a predetermined atmo- 
sphere. 

20. A process for producing a magnetic recording 
medium according to claim 19, wherein said underlayer 55 
forming step is carried out by the sputtering method, an 
oxidizing gas introduced as a sputtering gas being oxy- 
gen or an inert gas containing oxygen, the oxygen con- 
centration in said sputtering gas being set at from 0.05 to 
1% by volume. 60 

21. A magnetic recording medium which has a mag- 
netic film formed on a substrate from Co or an alloy 
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containing Co as a principal component formed by the 
process of claim 19. 

22. A magnetic recording medium having a magnetic 
film formed on a substrate directly, characterized in that 
the central line average surface roughness Ra and maxi- 
mum surface roughness Rmax of said magnetic film in a 
direction perpendicular to the direction of magnetic 
recording are within the ranges of 1 nm^Ra=20 nm 
and Rmax^25Ra, respectively, the in-plane magnetic 
anisotropy energy Ku of said magnetic film is within the 
range of 0^Ku^8x 10 5 erg/cm 3 , and said magnetic 
film is made of Co or an alloy containing Co as a princi- 
pal component. 

23. A magnetic recording medium according to claim 
22, wherein said average surface roughness Ra and said 
maximum surface roughness Rmax are within the 
ranges of 1 nm^Ra 20 nm and Rmax^8Ra, respec- 
tively, and said magnetic anisotropy energy Ku is 
within the range of 0^Ku^2X 10 5 erg/cm 3 . 

24. A magnetic recording medium according to claim 
22, wherein said average surface roughness Ra and said 
maximum surface roughness max are within the range 
of 1.5 nm^Ra^4 nm and 6Ra^Rmax^8Ra, respec- 
tively and said magnetic anisotropy energy Ku is within 
the range of 0^Ku^2x 10 s erg/cm 3 . 

25. A magnetic recording medium according to claim 
24, wherein said maximum surface roughness Rmax is 
within the range of 20 nm<Rmax^l50 nm, and said 
magnetic anisotropy energy Ku is within the range of 
0^Ku^2x 10 s erg/cm 3 . 

26. A magnetic medium according to claim 22, 
wherein said average surface roughness Ra and said 
maximum surface roughness Rmax are within the 
ranges of 1 nm^Ra 20 nm and 9Ra^Rmax^25Ra, 
respectively, and said magnetic anisotropy energy Ku is 
within the range of 0^Ku^8x 10 5 erg/cm 3 . 

27. A magnetic recording medium according to claim 
22, wherein said average surface roughness Ra and said 
maximum surface roughness Rmax are within the range 
of 4 nm^Ra 8 nm and 9Ra ^ Rmax ^ 1 6Ra, respec- 
tively, and said magnetic anisotropy energy Ku is 
within the range of 0^Ku^8x 10 5 erg/cm 3 . 

28. A magnetic recording medium according to claim 
22, wherein said magnetic film is formed from an alloy 
containing Co as a principal component. 

29. A magnetic recording medium according to claim 
28, wherein said magnetic film is formed from an alloy 
containing Co as a principal component, said alloy fur- 
ther containing Ni in an amount of from 20 to 50% by 
atomic percentage with respect to Co and at least one 
element selected from Zr and Ti in an amount of from 4 
to 15% by atomic percentage with respect to the total 
amount of Co and Ni. 

30. A magnetic recording medium according to claim 
28, wherein said magnetic film is formed from an alloy 
containing Co as a principal component, said alloy fur- 
ther containing Cr in an amount of 20% or less by 
atomic percentage with respect to Co and at least one 
element selected from .Zr and Ti in an amount of from 4 
to 15% by atomic percentage with respect to the total 
amount of Co and Cr. 

***** 
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